lines for the management of children with traumatic injury to the spleen recommend nonoperative management for hemodynamically stable patients, 1 an approach that is successful in more than 90% of cases. [2] [3] [4] [5] However, in many centers, the use of splenectomy is much more common, with one recent study reporting as few as 39% of children managed without surgery. 6 Nationally, an estimated 1700 splenectomies are performed each year in the 7000 children with spleen injuries. 7 Based on these estimates, about 76% of pediatric spleen injuries are managed nonoperatively, and increasing nonoperative management to 90% could mean an annual reduction of up to 1000 splenectomies in children.
The short-term benefits of nonoperative management of injured spleens may include the avoidance of surgical costs, fewer blood transfusions, and shorter hospital lengths of stay. 1 Long-term benefits of spleen conservation include the avoidance of severe infectious complications. 8 The estimated lifetime risk for developing overwhelming postsplenectomy infection (OPSI) ranges from 1% to 11%, and OPSI is associated with a mortality of up to 50%. [9] [10] [11] [12] [13] Based on these estimates, an estimated 10 to 100 cases of OPSI, and up to 5 to 50 associated deaths, could potentially be prevented through the greater use of nonoperative management.
Long-term cost savings of nonoperative management may include decreased prescription drug costs associated with the prophylactic administration of antibiotics to reduce the likelihood of OPSI and a decrease in hospitalizations associated with OPSI. Long-term cost savings of nonoperative management may include decreased prescription drug costs associated with the prophylactic administration of antibiotics to reduce the likelihood of OPSI and a decrease in hospitalizations associated with OPSI.
The identification of factors associated with variability in splenic injury management may be useful in efforts to design and implement targeted quality improvement interventions. Both surgeon 6 and hospital characteristics may contribute to variability in the rate of splenectomy. Hospital characteristics may include volume of spleen injuries, location, ownership/control, teaching status, hospital type (general vs pediatric), and level of trauma designation. [14] [15] [16] [17] This study was designed to investigate hospital factors that relate to pediatric spleen conservation using a large national database of child hospitalizations and procedures. We tested the hypothesis that children were more likely to undergo splenectomy in general hospitals than in children's hospitals.
DESIGN AND METHODS

Data Source
Discharge administrative data from the most recent release (2000) of the Kids' Inpatient Database (KID) of the Healthcare Cost and Utilization Project, sponsored by the Agency for Healthcare Research and Quality, Rockville, Md, were used for this study. The KID is provided by public and private statewide data organizations as part of a federalstate-private collaboration. 18 KID data are collected and compiled in a uniform format from the 27 participating states (Arizona, California, Colorado, Connecticut, Florida, Georgia, Hawaii, Iowa, Kansas, Kentucky, Maine, Maryland, Massachusetts, Missouri, New Jersey, New York, North Carolina, Oregon, Pennsylvania, South Carolina, Tennessee, Texas, Utah, Virginia, Washington, Wisconsin, and West Virginia). The KID contains data from 2784 hospitals and includes more than 2.5 million pediatric discharge records. The sampling frame includes pediatric discharges from nonfederal, short-term hospitals (excluding rehabilitation hospitals and hospital units of institutions, such as prisons, mental institutions, and developmental centers) in the United States. Federal hospitals (Veterans Administration, Department of Defense, and Indian Health Service hospitals) are not included in KID. KID data comprise a 10% sample of uncomplicated births and an 80% sample of other hospitalizations for children aged 20 years and younger from all hospitals in the sampling frame. Data were obtained from the Healthcare Cost and Utilization Project Central Distributor, with approval from the institutional review board at the University of Washington.
The KID includes demographic information (eg, age, sex), admission type and source, diagnostic codes, procedure codes, payer, data and total charges, length of stay, and discharge disposition. A KID hospital data file with facility characteristics (eg, children's hospital, ownership, number of beds, urban/ rural, geographic region, and teaching status) can be linked to the patient core data. The KID does not contain physiological or laboratory patient data.
Eligibility
For this study, eligibility was limited to children 0 to 16 years of age at admission and who were hospitalized with an International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) code for spleen injury (865) in any of the up to 15 diagnoses on the discharge record. Patients who died while in-hospital with pediatric spleen injuries were included.
Dependent Variable
A patient was defined as undergoing operative management if an ICD-9-CM procedure code of "41.5 splenectomy" was identified in any of the procedures listed in the discharge record and with a time to procedure of less than or equal to 1 day from arrival. Time to procedure was missing in 45 cases, and in these cases, time was imputed using multivariable regression with available patient and injury variables. Hospital type was not included in the imputation. All of the imputed, missing times were estimated to have occurred within 1 day of arrival. We also performed 2 sensitivity analyses: (1) assigning all cases with missing time to the nonoperative management group, and (2) assigning cases with missing time to the splenectomy group for children's hospitals and to the nonoperative management group for general hospitals. Splenectomies performed at day 2 or later were considered as attempted nonoperative management. Splenorrhaphy, partial splenectomies, and other spleen-conserving procedures were excluded from the splenectomy group and included as nonoperative management. We created a binary outcome variable to indicate whether a splenectomy was performed. For the Cox survival analysis, we defined operative management using the presence of an ICD-9-CM procedure code of 41.5 independent of when it was performed.
Independent Variables
Children's hospitals were defined using the classification of the National Association of Children's Hospitals and Related Institutions. We imputed missing values for the 2.7% of hospitals with missing hospital type and also conducted sensitivity analyses to model the effect of the missing data.
Control and Confounding Variables
We selected control and confounding variables for multivariate analytic models based on the presence of significant bivariate associations found when comparing variables by hospital type (children's vs general) or splenic management (operative vs nonoperative management). We also included additional variables based on an a priori assessment to add precision and for clinical relevance. Indicator variables were created for Medicaid as payer, rural hospital, teaching hospital, and receivedin-transfer patient. We defined a control variable for massive spleen disruption (ICD-9-CM diagnostic codes 865.04 or 865.14), blood transfusion (ICD-9-CM procedure code 99.0), volume of pediatric spleen cases, and penetrating injury (E-code for firearms, knives, cuts). Because this administrative database does not include vital signs such as systolic blood pressure, we included receiving a blood transfusion as a surrogate for hypotension. An injury severity score (ISS) was calculated for each record using the ICDMAP-90 software. 19 The ISS is widely accepted as a valid measure of injury severity and is used as a control HOSPITAL CHARACTERISTICS AND MANAGEMENT OF PEDIATRIC SPLENIC INJURIES variable in this analysis. 20, 21 Other control variables included patient-specific variables such as age and sex.
Trauma designation level is not identified in the KID data set but is of interest as a potential confounder. To identify hospital trauma designation level, we used data from the American Trauma Society's Trauma Information Exchange Program (funded by the Centers for Disease Control and Prevention/ National Center for Injury Prevention and Control). The American Trauma Society surveyed all hospitals nationwide to ascertain trauma designation levels. These data include the American Hospital Association's hospital identification number for each facility that allowed linking to the KID hospital file. In the KID data, 8 states do not provide hospital identifiers. As such, trauma designation is unknown for about 25% of records. We created indicator variables for missing trauma designation, for higher levels of trauma designation (level I and II), and for a combined group of all lower levels of designation (eg, levels III, IV, V).
Data Analysis
Univariate and bivariate analyses were completed using t tests for continuous variables and 2 testing for categorical variables. To identify significant associations between patient or hospital factors and performance of splenectomy, we used logistic regression with splenectomy as the dependent variable and the independent and control variables described above. We adjusted for clustering on hospital identifier to account for correlation of individual outcomes within hospitals using the cluster option in Stata 8.0 (StataCorp LP, College Station, Tex). Explanatory variables are presented as odds ratios (ORs), with P values and 95% confidence intervals (CIs). A P value of Ͻ.05 was considered statistically significant.
To assess the potential impact of the state in which the hospital is located, we ran a conditional fixed-effects logistic regression with the splenectomy as the dependent variable and included the independent and control variables from the original model. We used the state in which the hospital was located as the independent unit for this fixed-effects model. To assess hospital effects, we performed another conditional fixed-effects logistic regression with hospital identifier as the independent unit.
We also assessed the relationship of splenectomy and hospital type using multivariable Cox proportional hazard regression analysis. The relative hazard ratio (HR) of splenectomy after splenic injury was compared between general and children's hospitals. Survival was measured as the time from arrival to splenectomy, with censoring at hospital discharge. The proportional hazards assumption was confirmed by inspection of the Schoenfeld residuals and the log-rank test.
RESULTS
Overall
We identified a total of 2851 hospitalizations with spleen injuries among children 0 to 16 years of age. Almost all (333) of the 394 splenectomies performed during these hospitalizations occurred on day 0 or 1, and 16 were performed at day 2 or later. 
001).
Other hospital characteristics (eg, urban location, trauma designation) were not significant in this model. We observed an increased risk of splenectomy in older children, in penetrating trauma, in children with massive spleen disruptions, in those with more severe injuries (higher ISS), and in children who received blood products.
We next compared outcomes between children undergoing splenecto- mies and those receiving nonoperative management. Controlling for the same patient and hospital characteristics as in Table 3 , we found children undergoing splenectomy were at increased risk for in-hospital death compared with children receiving nonoperative management (OR, 3.96; 95% CI, 1.99-7.88; PϽ.001). While length of hospital stay appeared greater among patients undergoing splenectomy in the bivariate analysis (P = .02), no significant difference was observed after controlling for patient and hospital characteristics (P = .51). Mean hospital charges were $39 568 for patients undergoing splenectomy compared with $23 575 for patients receiving nonoperative management (PϽ.001).
Multivariable Cox Proportional Hazard Regression
Children cared for at general hospitals were more likely to undergo a splenectomy at any time during their stay than children receiving care at children's hospitals (HR, 3.16; 95% CI, 1.71-5.85) (FIGURE). We found that the results for hospital type were robust with respect to inclusion or exclusion of hospital trauma status and injury type and in analyses including children up to 18 years old. We also conducted additional analyses modeling propensity to receive care at a general hospital and observed similar effect sizes and sig- 
COMMENT
While nonoperative management of hemodynamically stable children with splenic injuries is the standard of care, 1 management variation persists across hospitals. To our knowledge, this is the first study to compare risk of splenectomy between children's and general hospitals, controlling for hospital trauma designation and other observable potential confounders. We found treatment of a pediatric splenic injury at a general hospital was associated with a 5-fold increased risk of splenectomy; this finding was robust after controlling for many patient and hospital characteristics. Potoka and colleagues 22 previously examined 1993-1997 trauma registry data for Pennsylvania and documented more nonoperative management of splenic injuries at pediatric trauma centers. That study was limited to designated trauma services. Most states do not include a separate designation for pediatric centers, and some children's hospitals may not meet the general designation requirements and may thus not be trauma designated. Mooney and Forbes 14 examined variation in the management of pediatric splenic injuries in 6 New England states and observed an increased risk for splenectomy in children cared for by general surgeons compared with children cared for by surgeons with specialty pediatric training. This same study observed an increased risk for splenectomy at trauma centers, but did not include children's hospital status as a predictor. Our study showed no association between trauma designation and splenectomy.
There are several limitations to our study. First, we cannot rule out the potential for omitted variable bias due to unobserved covariates that might distinguish the group of children receiving care at children's hospitals from those cared for at general hospitals. While we believe that our model adequately adjusts for patient and hospital characteristics, we cannot rule out the possibility of unmeasured covariates that could further distinguish the treatment groups. Second, we lacked physiological and laboratory data, such as systolic blood pressure and hematocrit. Third, we relied on ICD-9-CM diagnostic codes to control for spleen injury severity, rather than the preferred, but unavailable, spleen injury grade. About 9% of splenectomies occurred in children with injuries coded as unspecified splenic injury (unspecified codes of 865.00, 865.10), with the potential for misclassification. We also used blood transfusion as a surrogate for hypotension and blood loss, but we do not know the extent of transfusions (ie, number of units received) or the time course of transfusions (ie, in the emergency department, in the operating room, or in the intensive care unit or ward setting). While it is unclear if the ICD-9-CM code for transfusions received is an adequate surrogate for hypotension, we also used the ISS to adjust for severity of trauma. Fourth, for patients undergoing splenectomy within 1 day of admission it may be that the initial management plan was nonoperative. It is expected that this bias would occur independent of site management. Furthermore, while time to procedure appears to be a reasonable surrogate for intended management, 11% of cases did not have time to procedure information and those data were imputed. While we used multivariable Cox proportional hazards regression for the imputation of these missing data points, most procedures occurred within 1 day of arrival and all imputed data points were within 1 day. Also, our data included time to procedure in days, and as such, we lacked the ability to detect smaller differences in time to splenectomy (eg, hours). To further evaluate this limitation we also performed a sensitivity analysis assuming that all of these cases were failures of nonoperative management rather than early splenectomies; the results were comparable to the original model with no significant differences.
We cannot rule out the possibility of selection bias in this sample, with seriously injured children potentially being transported more often to pediatric facilities. However, if this bias does exist in these data, we expect that the direction would be toward the null. We also cannot rule out the possibility that the most seriously injured children were too unstable to be transported to a children's hospital, in which case it might be expected that a lower rate of splenectomy would be found. We believe that controlling for injury severity, massive disruption of the spleen, other injury in the abdomen region, penetrating mechanism, and receipt of blood products should reasonably control for this potential. We also evaluated rates of splenectomy in nontransferred patients only and found this effect to be robust. Finally, while the 2000 KID data set is the most recently available, we did not find any evidence of a secular trend when we repeated the analysis using the 1997 KID data set.
The clinical decision to perform early operative vs nonoperative management of splenic injury may depend on the training and experience of the physician. Pediatric surgeons and/or pediatric intensivists are more likely to be found in children's hospitals and may possess skill sets and experience that favor nonoperative management. While this analysis does not provide surgeonlevel information (eg, general surgeon, pediatric surgeon, intensivist, and the like) focusing quality improvement initiatives on physicians at general hospitals may be an effective approach to decrease the rate of pediatric splenectomy. Additional pediatric education and training for physicians in general hospitals may increase the adoption of nonoperative spleen management guidelines such as those developed by the Eastern Association for the Surgery of Trauma. 1 We also cannot rule out differences in care that may be attributable to hospital resources, such as the presence of an intensive care unit or redundancy in blood product availability that may support nonoperative management.
This study demonstrates significant nationwide variability in the use of pediatric spleen conservation after traumatic injury. Focusing educational programs and evidence-based management guidelines on centers with greater use of splenectomy may be a next step to improve the rate of spleen conservation and decrease postsplenectomy morbidity, mortality, and cost.
